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Analysis of the properties of CO, laser-induced aluminum plasma

at different ambient pressures
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Abstract; In order to study the properties of laser-induced plasma at different ambient pressures, emission spectroscopy
was studied on aluminum plasma generated by CO, laser with energy of 180m]/pulse at different air ambient pressures. The
dependency of plasma temperature and density on ambient pressures were estimated from the analysis of spectral data by
assuming the conditions of local thermodynamic equilibrium and optically thin plasma. Electron temperature was measured in
the range of 1. 05eV ~2.47eV, and electron density was measured in the range of 1. 95 x 10" cm ™ ~10.5 x 10" cm 7, as
the ambient pressure was varied from 10 *Pa to 2 x 10°Pa. The results show that the plasma temperature decreases with the
ambient pressures. At first, the electron density decreases with the increase of ambient pressure under low pressure. When the
pressure reaches 600Pa, the broken air plasma may interact with Al vapor and the electron density increases with the pressure
increasing. For larger ambient pressure up to 3000Pa, the Al emission lines eventually disappear, suggesting that the laser

energy is almost screened by the air plasma. The results provide useful guidance to understand the influence of air pressure on

laser-matter interaction.
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Fig. 1 Schematic of the experimental setup used for optical emission spec-

troscopic studies
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Fig.2 Temporal waveforms of CO, laser pulse
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Fig.3 a-emission spectrum of the Al Tl at 10“#Pa in air b—emission

spectrum of the resonance double lines of Al 1 at 10 ~*Pa in air

Table 1 Parameters of Al Il emission lines for electron temperature determination( values from reference [11])

transitton wavelength A,/ am

upper level energy E;/eV

upper level degeneracy g, transition probability 4, ;/ 10%s !

4d D, ,,—5f °F,,, 415.01 23. 56837091250
4 2F,,,—5g %Gy, 447.99 23.57487382125
4p?P,,,—4d D, , 451.25 20. 57837467875
4p 2P,,,—4d 2D, 452.92 20.57822697000

6 2.04
8 10.4
4 2.15
6 2.54
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Fig. 5 Typical Bolizmann plot used for estimating temperature of the plas-
ma, emission lines from doubly ionized aluminum species are used

for obtaining the Boltzmann plot
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